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Zooplankton community analyses can reveal valuable information about the trophic status and secondary
production in reservoirs. The zooplankton seasonal distribution and important physical and chemical parameters in
Prado Reservoir (Tolima, Central Colombia) were studied in monthly surveys throughout a hydrological cycle
(February 2000–January 2001) in order to establish seasonal patterns and the biotic and abiotic relationships for the
reservoir. Surface zooplankton collections at 1m depth were taken at six sampling stations with regard to reservoir
morphometry, location of main tributaries and mixing areas of the incoming tributaries. Cladocerans numerically
dominated (48.1%) the community throughout the study period followed by Copepoda (32.7%), Rotifera (19.1%),
and Diptera larvae (0.01%). Among the cladocerans, there was a greater abundance of Bosmina longirostris (69.8%)
than other crustaceans. Among the Rotifera, Brachionus falcatus was the most abundant with 23% and Keratella
tropica was least abundant with 8%. The only cyclopoid species found was Thermocyclops decipiens. The phantom
midge Chaoborus sp. was also part of the zooplankton community. Based on numbers, cladocerans represented a
signiﬁcant component of the zooplankton in both dry and rainy seasons. Four species (Brachionus spp., K. tropica,
Diaphanosoma brachyurum, Ceriodaphnia cornuta,Moina sp., and T. decipiens) had never previously been found in the
reservoir, but were recorded for other standing Colombian water bodies. The replacement of B. longirostris instead of
Daphnia sp. as dominant species was observed. The results of the comparison of the different studies conﬁrmed that the
trophic state of this artiﬁcial lake may be classiﬁed as eutrophic, and in general, physical, and chemical homogeneity
were observed both spatially and temporally.
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Tropical environments are believed to show lower
zooplankton species diversity than their temperate
counterparts (Dussart et al. 1984; Dumont 1994;
Gillooly and Dodson 2000). However, this vision had
been controversial (Sarma et al. 2005). In the northern
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over a long time (Pinto-Coelho et al. 2005), while
composition and behavior of tropical zone species are
far less investigated (Arcifa 1984; Lewis 1987; Lin et al.
2003). For instance, knowledge on the systematics and
ecology of the zooplankton groups Rotifera, Cladocera,
and Copepoda is still incomplete for Colombia (Rolda´n
and Ruı´z 2001; Jaramillo and Gaviria 2003). To date, 98
rotifers species, 53 cladocerans species (Rolda´n and
Ruı´z 2001), and 69 copepods species (Gaviria and
Aranguren 2007) are reported from Colombia. The
diversity and seasonal dynamics of zooplankton com-
munity in Colombian reservoirs have been very little
studied (Herrera-Martinez and Guillot 1999). Limnolo-
gical investigations in reservoirs mainly emphasize on
physical and chemical features, phytoplankton, primary
production and very few those had been proposed on
ecological aspects (see Rolda´n 2003).
Beginning with 1970s, several Colombian reservoirs
were built mainly for energy generation and water
supply. Currently some suffer from eutrophication
problems with an increase in macrophytes being one
of the most severe problems (Rolda´n 2003; Ma´rquez
and Guillot 2001). The most important reservoirs of
Colombia contain volumes greater than 109m3. They
are located at different altitudes (70–3800m a.s.l.)
throughout country. Rolda´n (2003) summarized the
most representative studies on reservoirs carried out in
Colombia in the last 25 years.
In Colombia, there are currently in operation 26
reservoirs, and among them Prado Reservoir is the
fourth largest. This reservoir is a multi-purpose (elec-
tricity, irrigation, aquaculture, ﬁsheries, recreation,
tourism) tropical dam constructed for water storage of
the Cunday and Negro Rivers and other minor
tributaries in Central Colombia. Prado is very important
for electricity purposes. Likewise, this reservoir provides
drinking water for a human population of 40,000 in the
Colombian central Andes. The water quality of the
reservoir is being strongly inﬂuenced by agricultural
activities and domestic waste. Because of the high
organic load and the ﬂooded vegetation not removed
during its inundation, Prado Reservoir has been
classiﬁed as hyper-eutrophic (Ducharme 1975; Valder-
rama 1986; Larrahondo 1993; SODEIC 1993; Ma´rquez
1996; Salazar et al. 2002). Despite the fact that the
Tolima Province possesses a large portion of lentic
systems (natural lakes and lagoons) associated with the
Tropical Andes, studies on zooplankton dynamics
(composition, structure, horizontal variability, and
spatio-temporal aspects) are rare and almost exclusively
concerned with Prado Reservoir (SODEIC 1993;
Ma´rquez 1996). Some investigations carried out in this
lentic water body include limnological aspects by
Ducharme (1975), Ma´rquez (1985), and Ma´rquez and
Guillot (2001), algae (Salazar et al. 2002) and, ﬁshes andaquaculture impact of ﬂoating basquets (Villa and
Losada 1999, 2004).
The understanding of the ecological structure and
function of tropical Andean lentic systems, as well as
their role in the dynamics of biotic communities, is
currently of a great importance (Gunkel 2000), because
plankton reservoir community represents an important
resource of energy and matter ﬂow in the reservoir food
web (Bonecker et al. 2007) and provide ways of
predicting and increasing the productivity of a fresh-
water system (Sua´rez-Morales et al. 1993). As a
zooplankton survey contributes in efﬁcient management
of a water body, in this work, we provide estimations on
the horizontal and seasonal variation of zooplankton
and selected physical and chemical variables from the
Prado Reservoir (Central Colombia). Furthermore,
horizontal patterns are related to abiotic characteristics
of the reservoir.Materials and methods
Study site
The Prado Reservoir, also known as the Dario
Echandı´a Dam, is a mainly hydroelectric reservoir built
in 1966 on the Prado River, a tributary of the
Magdalena River (Colombia’s main river) (Fig. 1), and
it is located on the western slope of the Cordillera
Central (or Central Range) of the Colombian Andes, at
370m a.s.l. (Salazar et al. 2002). This eutrophic water
body is 39 km2 in surface area and has a maximum
depth of 90m. Morphometric and other basic char-
acteristic are shown in Table 1.
Sampling
A system of stratiﬁed random sampling was adopted
to ensure that the sample was not drawn from only a
small portion of the reservoir. For this, six zones of the
reservoir were sampled (Lozanı´a, Yucupı´, Isla del Sol,
Caima´n, Corinto, and Tomogo´), which were selected
considering morphometry, depth and location of tribu-
taries (Fig. 1). Zooplankton samples were collected and
analyzed at monthly intervals from February 2000 to
January 2001 (i.e., during a hydrological cycle repre-
senting both the wet and dry seasons). On each sampling
occasion, a point for each horizontal series was selected
at random in each zone. The sampling consisted in sub-
surface horizontal dragging at 1m depth during 5min.
Samples were collected from open-water zone and of the
main channel with a plankton net (150 mm mesh net,
1.3m length, 0.25m in mouth opening diameter),
mounted on a pole in front of a boat, by horizontal
tows and totaling 12 samples of 1 L each.
ARTICLE IN PRESS
Fig. 1. Location of the Prado Reservoir and sampling sites in Tolima province (Central Colombia).
G. Guevara et al. / Limnologica 39 (2009) 128–139130Previous works in Prado Reservoir (Ma´rquez 1985;
SODEIC 1993) had shown that most zooplankton
community is recorded in the euphotic layer. Therefore,
we did not sample the entire water column. Samples
were taken during the daytime between 08:00 and
15:00 h, and preserved in 4% formaldehyde. Water
samples were taken simultaneously for physical and
chemical analyses from each sampling station to 1m
depth. Air and water temperature, pH, transparency
(Secchi disk), dissolved oxygen (%), and conductivity
measurements were recorded directly in the ﬁeld with a
digital portable multiparametric physicochemical ana-
lyser (Schott-Gera¨te, model CG 867). Water samples for
chemical oxygen demand (COD), total hardness, alka-
linity, turbidity, total suspended solids (TSS) and
phosphate measurements were taken from each sam-
pling site in sterile 1 L plastic bottles. The bottles were
ﬁlled completely and then closed tightly to prevent the
loss of dissolved gases or light inﬂuence.Laboratory analysis
As a rule, the 1-L concentrated samples were divided
in two subsamples (500mL each). All zooplankton from
the 500mL subsamples were counted. For these
quantitative estimations, we counted the number ofindividuals for each taxon present in aliquots of 1mL
from the concentrate ﬁeld collected zooplankton
subsample. Aliquots were revised in depression slides
under a dissecting microscope (Olympus optical
microscope, 10 magniﬁcations). All zooplankton
was sorted by species or genus using standard
literature, especially the series by Dumont (Ed.)
and those for Colombian applications (sensu Gaviria
1994). When possible, Thermocyclops decipiens
copepodite stages were counted separately, but no
attempt was made to separate naupliar instars, and
ﬁnally were aggregated to the copepods total counted.
Zooplankton density was expressed as number of
individuals per sample volume. Voucher specimens
were deposited into the Coleccio´n Zoolo´gica of the
Facultad de Ciencias, Universidad del Tolima (Ibague´,
Colombia).
The second subsample was used to determine total
zooplankton biomass (mgDWsample1), which was
estimated from the dry weight of all individuals recorded
in each 500mL subsamples, and ﬁltered on vacuum
pump. The ﬁlters were weighed with a Sartorious
analytical microbalance (0.1 mg accuracy) after being
oven-dried for 24 h at 85 1C and then stored for 2 h in a
desiccator at room temperature.
Water samples were analyzed within a few hours
of collection, in the Laboratorio Ambiental de
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Table 1. Morphometric parameters and basic characteristics
of the Prado Reservoir (several sources)
Location Department of Tolima (Central
Colombia)
Speciﬁc localization Prado and Puriﬁcacio´n
municipalities
Beginning of the
construction
1959–1972
Beginning of the
operation
1966–1968
Year of ﬁlling 1973
Latitude 31450N
Longitude 741500W
Altitude 370m
Maximum length, lm 25 km
Maximum breath, bm 8km
Mean breath, b 3 km
Shoreline, L 74 km
Surface area, Ao 40.469 km
2
Maximum depth, zm 90m
Mean depth, z 45m
Volume 1050Mm3
Catchment area, Ad 1726 km
2
Secchi depth 1.16 (0.77–1.43)m
Principal river Prado
Principal tributaries Negro and Cunday Rivers
Energy generator
capacity
54MW
Flow 900m3 s1
Discharge 1220m3 s1
Annual mean
precipitation
2089mm
Annual mean
evaporation
1268mm
Relative humidity 81%
Residence time 53.3 days
In Colombian terminology, it is most precise to use the term
Department than Province, Region or State.
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recommendations by APHA-AWWA-WPCF (1995).Sampling sites
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Fig. 2. Mean densities (7S.E.) of zooplankton major groups
in Prado Reservoir (Tolima, Colombia) in six sampling
stations (a) during February 2000–January 2001 (b).Data processing
Prior to analyses, the data for each taxon (abundance or
biomass) and physicochemical variables were log(x+1)
transformed because of signiﬁcant deviation from normal
distribution. Pearson’s product–moment correlation coef-
ﬁcient r was calculated to determine the association
between the physicochemical variables and the zooplank-
ton community (Zar 1999). Density, biomass and pre-
cipitation, respectively, were related by calculating r.
Additionally, an independent one-way ANOVA was run
to assess the effect of the temporal and spatial variation on
zooplankton biomass. Multivariate analysis of variance
(MANOVA) was used to compare physicochemical
variables between stations and between months. Allanalyses were performed using STATISTICA version 7.0
(StatSoft 2004).
Results
Taxa composition, density and abundance
A total of ﬁve cladoceran species, six rotifers, one
copepod, and one midge larva were found in the Prado
Reservoir. Zooplankton densities varied from 21 to
512 ind. sample1 for the zones evaluated (Fig. 2a) and
from 12 to 700 ind. sample1 throughout the year (Fig. 2b).
Cladocera included Bosmina longirostris, Ceriodaphnia
cornuta, Daphnia sp., Diaphanosoma brachyurum and
Moina sp. Cyclopoid copepods were represented by
T. decipiens. Several congeneric species of rotifers were
observed, such as Brachionus angularis, Brachionus calyci-
florus, Brachionus falcatus, Brachionus havanaensis, and
Keratella americana and Keratella tropica. A larva of the
dipteran Chaoborus sp. was also recorded (Table 2) in very
low density.
Cladocerans were the most important fraction of the
total zooplankton, comprising 48% of all samples,
followed by copepods 32%, rotifers 19%, and dipterans
0.02%. Among them, there was a higher abundance of
B. longirostris (dominant crustacean) representing 33.6%,
T. decipiens 32%, and B. falcatus (dominant rotifer) 4.3%,
considering the total abundance of all taxa.
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Table 2. Composition of zooplankton (presence) in the Prado Reservoir during two study phases (1993 and February
2000–January 2001)
Taxon SODEIC (1993) This study
A B C D E A B C D E F
Rotifera Anuraeopsis sp. X X
Ascomorpha sp. X
Asplachnella sp. X X X
Brachionus angularis X X X X X X
B. calyciflorus X X X X X X
B. havanaensis X X X X X X
B. falcatus X X X X X X
Cephalodella sp. X
Keratella americana X X X X X X X X X X X
Keratella sp. X X
K. tropica X X X X X X
Lecane sp. X X X X
Cladocera Daphnia sp. X X X X X X X X X X X
Diaphanosoma sp. X X X X X X X X X X X
Diaphanosoma brachyurum X X X X X X
Bosmina longirostris X X X X X X
Ceriodaphnia cornuta X X X X X X
Moina sp. X X X X X X
Copepoda Eucyclops sp. X X X X X
Paracyclops sp. X X X X X
Thermocyclops decipiens X X X X X X
Ostracoda Cypria sp. X X X X X
Hydracarina X
Diptera Chaoborus sp. X X X X X X
Recorded for Colombia for the ﬁrst time by Ramı´rez et al. (1989) in El Pen˜ol and Prado reservoirs. Sampling sites: A, Lozanı´a; B, Yucupı´; C, Isla
del Sol; D, Caima´n; E, Tomogo´; F, Corinto.
G. Guevara et al. / Limnologica 39 (2009) 128–139132Biomass
The total zooplankton biomass in the Caima´n
sampling station (254.5mgDWsample1) was the high-
est of all stations. However, in Yucupı´, there was very
little variation as denoted by error bars (Fig. 3a). There
were no signiﬁcant differences between stations
(F(5, 42) ¼ 1.574, P ¼ 0.188).
Seasonal changes in the biomass of zooplanktonic
organisms showed large and signiﬁcant differences
(Fig. 3b). During the rainy period, the total zooplankton
biomass was found to decrease. It was higher
(253–320mgDWsample1) during the warm period
(i.e., February, March, and August) with the exception
of July, and lower (107–244mgDWsample1) from
April to June (rainy period) (Fig. 3b). There were
signiﬁcant differences between sampling occasions
(F(7, 40) ¼ 3.189, Po0.01). The higher biomass during
February and March were due to a greater density of
copepods. In March, for example, there were 75% more
copepods than cladocerans and from June forward,there were more cladocerans than copepods (Fig. 2b). In
four out of all stations, Cladocera was the dominant
taxa and Rotifera was relatively constant (Fig. 2a).
Although some variations were observed for biomass in
the eight samplings (February–September), no signiﬁ-
cant correlation was found between biomass and
precipitation (r ¼ 0.136, P ¼ 0.386). However, biomass
was observed to increase in the dry season (warm
periods) more than in the rainy season (Fig. 3b).
Biomass showed highest variation during February,
June, and August (error bar, Fig. 3b), and some
differences also occurred in all stations with the
exception of Yucupı´ (Fig. 3a). On the other hand,
biomass was nearly uniform in May and July.
Physicochemical variables
Water temperature, alkalinity, hardness, pH, DO,
COD, DOS, and conductivity variables showed a
contrasting behavior mainly between Lozanı´a and
Tomogo´ sampling sites. Turbidity and TSS show a
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Fig. 3. Total zooplankton biomass in the Prado Reservoir: (a)
per sampling station and (b) from February to September
2000, other months (October 2000–January 2001) were not
included because data loss. W, warm period; R, rainy period.
Colombia does not have seasons, but only alternating warm
(dry) and rainy periods with intervals of transition between
periods. Data as mean7S.E. Values of precipitation (mm) also
are showed (source: IDEAM, 2001).
G. Guevara et al. / Limnologica 39 (2009) 128–139 133tendency to diminish from Lozanı´a sampling site to
open reservoir waters. Secchi depth was conversely
related with turbidity with the exception of Yucupi
station. Phosphate concentrations were more variable
(Fig. 4). However, ﬁeld as well as laboratory physical
and chemical measurements revealed signiﬁcant differ-
ences between stations (MANOVA, Wilks’ l ¼ 0.268,
F(50, 226.83) ¼ 1.518, P ¼ 0.0219) with only conductivity
explaining those differences (Tukey HSD test; Lozanı´a
vs. Yucupı´, Po0.005; Lozanı´a vs. Corinto, P ¼ 0.016).
The temperature of the surface water was reached a
maximum of 31.7 1C (March) and a minimum of 28.5 1C
(November, December). Dissolved oxygen varied be-
tween 3.87 and 7.0mgL1 with 79.8% oxygen satura-
tion (range 46–94%). Conductivity values ranged
between 50.1 and 61.5 mS cm1. The reservoir water
had a pH value ranging from 6.48 to 8.27. Transparency
varied between a minimum of 56 cm and a maximum of
121 cm. Other results were as follows: 3.08–17.5NTU-
turbidity, 18.22–36.3mgL1 CaCO3 alkalinity, 5.83–
9.73mgL1 O2 COD, 0.01–0.13mgL
1 phosphates,21.5–83.67mgL1 total solids, and 12.83–56.25mgL1
CaCO3 total hardness (Fig. 5). In relation to seasonal
variability, all the physicochemical variables showed
signiﬁcant temporal change (MANOVA, Wilks’
l ¼ 0.000151, F(100, 326.88) ¼ 7.898, Po0.001) with the
exception of conductivity (Tukey HSD test, P40.05).Physicochemical and biological association
The correlations between densities of the major
zooplankton groups and environmental parameters
showed that only some resulting values were high
enough and of statistical signiﬁcance (Table 3).
Although copepods density was inversely related to the
majority of the physical and chemical parameters, it did
show a signiﬁcant relationship with water hardness
(r ¼ 0.6520, P ¼ 0.022), COD (r ¼ 0.7684, P ¼ 0.004)
and phosphate concentration (r ¼ 0.6090, P ¼ 0.036).
Rotifers were signiﬁcantly correlated with water tem-
perature (r ¼ 0.6607, P ¼ 0.019) and COD (r ¼ 0.6349,
P ¼ 0.027), while Chaoborus sp. correlated with phos-
phates (r ¼ 0.8734, Po0.001). The total zooplankton
abundance was signiﬁcantly correlated only with TSS
(r ¼ 0.7812, Po0.001). No signiﬁcant correlations were
obtained between any taxa and pH, conductivity,
alkalinity, turbidity, dissolved oxygen, and oxygen
saturation (%) (Table 3). In our case, correlations were
not signiﬁcant between Cladocera, Rotifera, and Cope-
poda densities and precipitation variable (r ¼ 0.268,
P ¼ 0.227; r ¼ 0.328, P ¼ 0.178; r ¼ 0.124, P ¼ 0.366,
respectively).Discussion
Recent reviews of Colombian limnology (Rolda´n and
Ruı´z 2001) have pointed out the lack of information
from drinking water and electricity reservoirs in the
country. In Tolima Province, rivers are better
studied than lentic counterparts elsewhere in the
country, with several lakes, ponds and other standing
waterbodies remaining to be investigated. This study
gave emphasis to horizontal heterogeneity in the Prado
Reservoir during a year of study, or a hydrological cycle
with periods of drought, rain and transitions. The
zooplankton community showed variations in density
and biomass in relation to physicochemical variables
and periods (‘‘seasons’’). We also recorded several
species (or genera) common to tropical inland waters
such as Brachionus spp., K. tropica, T. decipiens, B.
longirostris, C. cornuta, Moina, and D. brachyurum
associated with oligotrophic and (hyper)eutrophic en-
vironments. Chaoborid larvae also are very common in
the tropical freshwater zooplankton (Infante 1988;
Pinto-Coelho 1998).
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Fig. 4. Physicochemical variables recorded in six sampling zones of the Prado Reservoir (Tolima, Colombia). Signiﬁcant differences
were found only for Conductivity (Tukey HSD test, Po0.05; after a signiﬁcant MANOVA) between Lozanı´a vs. Yucupı´, Corinto.
Data as mean (bar)7whisker value ¼ S.E. Abbreviations: T, temperature; NTU, nephelometric turbidity units; DO, dissolved
oxygen; COD, chemical oxygen demand; DOS, dissolved oxygen saturation in percentage; TSS, total suspended solids.
G. Guevara et al. / Limnologica 39 (2009) 128–139134Zooplankton: presence and density
Levels of zooplankton density recorded in this study
are within the range of 84–907 ind. L1 reported for the
Colombian tropical Lake Santander (Antioquia pro-
vince) by Jaramillo and Gaviria (2003) and for some
tropical Chinese reservoirs as well (2–812 ind. L1; Lin
et al. 2003). Taxa such as Anuraeopsis sp., Ascomorpha
sp., Asplachnella sp., Cephalodella sp., Lecane sp.,
Diaphanosoma sp., Eucyclops sp., Paracyclops sp., and
Cypria sp. were determined in a limnological investiga-
tion by SODEIC (1993), and in turn, Rotifera was
recorded by these authors as the dominant group from
the Prado reservoir. In contrast, C. cornuta, B. long-
irostris, D. brachyurum, Moina sp., Brachionus spp., andK. tropica were determined in our study, with cladocer-
ans as the dominant group. It might be assumed from
the data obtained that Copepoda has been noticeably
reduced since 1993, with only one genus present in our
study. In contrast, the abundance of Cladocera
and the presence of different rotifers (i.e., Brachionus
spp., Table 2) markedly increased.Cladocera
The dominance of small cladocerans in eutrophic
environments is thought to be directly related to their
ability to effectively avoid typically abundant cyano-
bacteria and feed on smaller algal particles (Paranagua´
et al. 2005). These aspects could be related with the
ARTICLE IN PRESS
Fig. 5. Physicochemical variables recorded from February 2000 to January 2001 in the Prado Reservoir (Tolima, Colombia). There
were seasonal signiﬁcant differences with the exception of Conductivity (Tukey HSD test, P40.05; after a signiﬁcant MANOVA).
Data as mean7whisker value ¼ S.E. Abbreviations: T, temperature; NTU, nephelometric turbidity units; DO, dissolved oxygen;
COD, chemical oxygen demand; DOS, dissolved oxygen saturation in percentage; TSS, total suspended solids.
Table 3. Correlation (r) between physicochemical variables and zooplankton major groups density from the Prado Reservoir
(Tolima, Colombia)
Cladocera Copepoda Rotifera Chaoborus sp.
Water temperature (1C) 0.4536 0.5015 0.6607 0.2475
Air temperature (1C) 0.5943 0.4849 0.8122 0.2244
pH 0.2034 0.4917 0.4276 0.4967
Conductivity 0.2348 0.2663 0.0875 0.3328
Alkalinity 0.2543 0.0289 0.2749 0.4591
Hardness 0.2865 0.6520 0.1289 0.4592
Turbidity 0.2167 0.2052 0.3621 0.0032
Dissolved oxygen 0.2836 0.0008 0.4368 0.0178
Dissolved oxygen saturation (%) 0.3227 0.0782 0.5189 0.0518
Chemical oxygen demand (COD) 0.5445 0.7684 0.6349 0.4681
Phosphates 0.3609 0.6090 0.4297 0.8734
Total suspended solids 0.6635 0.6090 0.5834 0.7312
Signiﬁcant correlations in bold (Po0.05; n ¼ 12).
G. Guevara et al. / Limnologica 39 (2009) 128–139 135
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G. Guevara et al. / Limnologica 39 (2009) 128–139136higher abundance of cladocerans (comprising 48% of all
samples) in the Prado Reservoir, where small algae are
abundant (Salazar et al. 2002). Tropical and temperate
limnological comparative studies have demonstrated
that oligotrophic systems are dominated by copepods,
whereas more eutrophic systems are dominated by
rotifers and cladocerans. Nevertheless, the work by
Pinto-Coelho et al. (2005) established that cladocerans
and cyclopoids are associated to the more eutrophic
lakes and reservoirs, which support greater crustacean
abundances in most latitudes.
In Colombia, B. longirostris has been amply reported
in several reservoirs (Rolda´n and Ruı´z 2001) and in the
Prado Reservoir it was numerically dominant through-
out the year. The species composition in Lozanı´a
sampling site may have been affected by the dominance
of aquatic vascular plants or algae increase (Salazar
et al. 2002). Other crustaceans such as C. Cornuta and
Moina sp. also have been recorded in Colombian lentic
waterbodies (Chingaza Lake, Gaviria 1993; Betania
Reservoir, Herrera-Martı´nez and Guillot 1999; Rolda´n
and Ruı´z 2001).
Copepoda
Inland copepods in Colombia are represented mainly
by members of the order Cyclopoida. T. decipiens is a
common species in warm waters of Colombia (Gaviria
1994; Rolda´n and Ruı´z 2001; Gaviria and Aranguren
2007), and this species is a dominant planktonic
cyclopid from the tropics (Le´veˆque et al. 2005), with
records ranging from Guatemala to northern Argentina
and the Antilles (Reid 1988).
Rotifera
Despite the fact the plankton net used was not the
most appropriate for rotifers capture, we collected
several congeneric species, mainly Brachionus spp.,
which are organisms of relatively large size. Rotifers
are the predominant group of zooplankton found in the
majority of reservoirs, constituting more than 60% of
the total zooplankton present (Armengol 1982; Mar-
neffe et al. 1998; Rodrı´guez and Matsumura-Tundisi
2000). However, in our study, they would have been
underestimated by the net mesh size used. For this
reason, in the Prado Reservoir, rotifers were less
abundant than other zooplankton components, repre-
senting less than 20% (Fig. 2).
Chaoborus sp.
In our study, the larvae of the phantom midge was
scarcely represented (72 organisms) compared to other
studies in tropical freshwater bodies (Arcifa 2000).
Records from Colombia (Ramı´rez et al. 1989) showed
a high vertical migration capacity of this taxon
especially during night. This larva shows a typical
behavior that consists of staying at the bottom duringthe day and ascending to the surface during night
(Lo´pez and Zoppi de Roa 2005). For these features, our
collections only record some diurnal specimens located
on the surface during samplings. We were not able to
establish a cause–effect (i.e., biomass vs. predation)
relationship between Chaoborus and the lowest total
zooplankton biomass registered in April, May and July,
and probably also in Yucupi sampling site.Zooplankton abundance and precipitation inﬂuence
For tropical and subtropical reservoirs, densities of
zooplankton are regulated by rain intensity, phyto-
plankton productivity, wind action and predation
(Nogueira et al. 1999; Rolda´n and Ruı´z 2001). However,
it is not possible to quantify the impact of predators on
the zooplankton in Prado reservoir, as we do not have
reliable investigations about the inﬂuence of planktivor-
ous ﬁsh. In La Fe´ Reservoir (North-Eastern Colombia),
the highest zooplankton densities (165 ind. L1) were
found during the dry season and a negative association
was observed between rainfall intensity and zooplank-
ton density (Rolda´n and Ruı´z 2001).
In the Caima´n and Isla del Sol sampling stations, the
higher density of cladocerans also could be affected by
interactions from the Negro River (see Fig. 1), especially
during the rainy season when connectivity is greater.
Various studies on zooplankton longitudinal distribu-
tion in reservoirs have found an increase in biomass,
density, diversity, and richness, which occurs as the
result of the degree of connection between lotic–lentic
environments subject to highly variable hydrological
cycles during the year (Armengol et al. 1988; Pinel-
Alloul and Pont 1991; Bini et al. 1997; Casanova and
Henry 2004), and where there may occur an increase in
zooplankters that have drifted from upstream. Addi-
tionally, it is possible that the annual ﬂuctuations of
water level show a positive relationship with speciﬁc
richness, as a consequence of the added population
coming from lotic water bodies to the Prado Reservoir
(see Fig. 1 for tributary details). Casanova and Henry
(2004) found permanent interchanges between micro-
crustacean fauna of lakes, channels, and rivers in the
limnetic and littoral zones, due to interconnections
between systems and to the water level variation pattern.Biomass
The monthly ﬂuctuations of total zooplankton
biomass showed a possible relation with the variation
in the contribution of major groups. For example,
copepods were best represented in the assemblage from
February to April, while cladocerans were most
abundant from May onwards. The biomass increases
observed during warm periods, may be the response to
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dry months (Salazar et al. 2002). We also observed an
increase in the macrophytes cover during rainy months.
Zooplankton biomass studies have been seldom con-
ducted in Colombian lentic systems, but Gaviria (1993)
found that crustacean biomass varied between 0.007 and
0.120mgDWL1 (3.6–36 ind. L1) in the high-moun-
tain Lake Chingaza, with the highest values occurring
in the dry season. Levels of total zooplankton biomass
recorded in our study are within limits of
6.48–356.8mgDWL1 reported for the Brazilian eu-
trophic Gurapiranga Reservoir, as well (Sendacz et al.
2006). In general, biomass values obtained for the Prado
Reservoir were close to those recorded in similar
Brazilian aquatic systems (Pinto-Coelho 1998).Physicochemical data
Our data on the temperature, nutrient concentrations,
pH range, dissolved oxygen values, and Secchi transpar-
ency were in general in agreement with limnological
characteristics of Colombian and other tropical water
bodies (Uman˜a and Collado 1990; Sua´rez-Morales et al.
1993; Paaby 1995; Lo´pez-Lo´pez and Serna-Herna´ndez
1999; Gonza´lez et al. 2002; Ramı´rez et al. 2002).
Limnological studies in the Prado Reservoir have shown
variations in physicochemical variables at different
depths. Ducharme (1975) found that physicochemical
measurements at the surface, 1, 3–8, and 45m showed
an evident thermocline between 3 and 8m (mean
T ¼ 27.3 1C). SODEIC (1993) also evaluated various
physicochemical variables at different depths, but only
two stations were in the same areas as our data were
taken, making them quantitatively incomparable. In the
present study, only physicochemical variables at the
surface (from 0 to 1m) were analyzed. Besides, these
authors evaluated concentrations of nutrients and other
chemical compounds such as nitrates, ammonia, sul-
fates, H2S, Fe, Cu, among others (data not shown).
Rolda´n (2003) reported pH values ranging from 6.1 to
7.4 for 14 Colombian reservoirs. Other data were as
follow: 6.0–20mgL1 alkalinity, 14–90 mS cm1 conduc-
tivity, 5.0–50mgL1 total hardness, and 0.01–0.08mgL1
phosphates. In our study, we found higher values for
alkalinity (range 17.95–39.38mgL1) and phosphates
(0.01–0.30mgL1), and values slightly higher for con-
ductivity (48.73–67.06 mS cm1) and pH (6.42–8.48) than
those reported by that author. However, we found lower
values for pH, conductivity, dissolved oxygen and
phosphates, and higher values for alkalinity and hard-
ness, in comparison with surface (1m) data from the
study by Ducharme (1975). The most recent work on
limnological aspects of Prado Reservoir (SODEIC 1993)
showed higher values for conductivity, hardness, dis-solved oxygen, and TSS than those reported in our
results.
The Prado is a chemically stratiﬁed reservoir with
high H2S and ammonia production in a totally
hypolimnetic, anoxic environment, due to anaerobic
decomposition of the submerged vegetal material
(Ducharme 1975), and with corrosion problems along
the conduction tunnels (Rolda´n 2003). Among the few
studies carried out in the reservoir, thermal stratiﬁcation
(T ¼ 27–31 1C, thermocline p1 1C) and a pattern of
scarce hypolimnetic oxygen depletion for several months
(up to 10) during the year have been reported.
Furthermore, it is considered eutrophic with mixing
occurring in dry season (Ducharme 1975).
Recently, Ma´rquez and Guillot (2001) found both
thermal and chemical stratiﬁcation in the reservoir with
anoxia below 8m in most of the Prado Reservoir. Due
to its conﬁguration and the input of nutrients through
the main tributaries (Salazar et al. 2002), horizontal
heterogeneity and a longitudinal gradient were observed
for the limnological variables. The main horizontal
spatial heterogeneity possibly corresponds to differences
between the riverine region, with inﬂuence of rivers
and stream tributaries with higher nutrient concentra-
tion (SODEIC 1993), and the limnetic area of the
reservoir, with comparatively higher water temperature,
transparency, conductivity, and pH. According to the
values of phosphates and Secchi disk transparency
(Rolda´n 2003), the Prado Reservoir was corroborated
as eutrophic.Final remarks
Although most zooplankton in Prado Reservoir are
bathymetrically distributed in surface layers (SODEIC
1993), we did not ﬁnd other studies that showed
consistent tendencies occurring in a particular level for
any taxa. The species richness recorded and the presence
of taxa such as Brachionus spp. and B. longirostris, could
be associated with the advanced eutrophication state of
Prado Reservoir, as is reported for other eutrophic–
lentic Colombian water bodies (Herrera-Martı´nez and
Guillot 1999; Rolda´n and Ruı´z 2001; Jaramillo and
Gaviria 2003). Considering the agriculture activities in
the drainage basin, the reservoir’s retention time (53.3
days) and the time since it was ﬁrst ﬁlled, this study
corroborates the hypothesis that the Prado Reservoir is
experiencing an increasing process of eutrophication, as
have already been reported by Salazar et al. (2002) and
Rolda´n (2003). Based on observations of aquatic plants
proliferation (Eichhornia crassipes and Pistia sp.) and
blooms of planktonic algae such as Botryococcus sp.
(Chlorophyceae), Ma´rquez (1984) mentioned that the
Prado is a system with an accelerated eutrophication
process. Detailed measurements of nutrients associated
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correlations with trophic state, chlorophyll a (Chl a),
total phosphorus and transparency, common patterns in
freshwater ecology analyses (Pinto-Coelho et al. 2005).
Despite the fact that the number of zooplankton
species in the Prado Reservoir was relatively low (13), a
similar observation was obtained by Ramı´rez (1986) for
El Pen˜ol Reservoir (Antioquia Province, North-Eastern
Colombia). On the other hand, the greater part of
zooplanktonic organisms appears to be associated with
various tropical reservoirs that have very common
species (Pinto-Coelho 1998). Understanding the rela-
tionship between the zooplankton community and its
spatial and temporal distribution is important for the
comprehension of trophic interactions within a reser-
voir. However, we recommend strongly using plankton
net of smaller mesh size and, if possible, a totalizing
ﬂowmeter that may be needed to ensure a proper
description of the plankton communities at the Prado
Reservoir, which include rotifers and the smallest
crustaceans. Moreover, it is necessary to assess the
effect of aquaculture on the Prado Reservoir and its
importance for the development of productive programs
on promissory ﬁsh species (Villa and Losada 1999,
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